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Purpose: The aim of this study was to explore the potential benefits of retinal pigment
epithelium replacement therapy in patients with Bietti crystalline dystrophy (BCD) by
assessing the disease pathology with the distinctive relationship between fundus
autofluorescence (FAF) abnormality and visual field defect.

Methods: Sixteen eyes from 16 patients with BCD and 16 eyes from 16 patients with
RHO-associated retinitis pigmentosa were included. Fundus autofluorescence, optical
coherence tomography, and Goldmann perimetry results were retrospectively reviewed
and assessed using image analyses.

Results: In patients with BCD, the FAF abnormality area was not correlated with the
overall visual field defect area and median overall visual field defect area (57.5%) was
smaller than FAF abnormality area (98.5%). By contrast, the ellipsoid zone width was
significantly correlated with the central visual field area (r = 0.806, P , 0.001). In patients
with RHO-associated retinitis pigmentosa, the FAF abnormality area and ellipsoid zone
width were significantly correlated with the overall visual field defect area (r = 0.833, P ,
0.001) and central visual field area (r = 0.887, P , 0.001), respectively.

Conclusion: The FAF abnormality shown in patients with BCD involves retinal pigment
epithelium degeneration without complete loss of photoreceptors or visual function. These
results suggest that patients with BCD are good candidates for retinal pigment epithelium
replacement therapy for preservation of residual visual function.
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Inherited retinal degenerative diseases (IRDs) are
a clinically and genetically heterogeneous group of

disorders that are a major cause of blindness in devel-
oped countries.1 The diagnosis of IRDs once implied
incurable disease progression, regardless of the pheno-
type or genotype. However, recent advancements in
research have led to the emergence of new therapeutic
options, encouraging us to assess the disease hetero-
geneity and categorize different conditions in patients
with IRDs to assign appropriate therapy.
Pluripotent stem cell–derived retinal pigment epi-

thelium (RPE) transplantation is expected to be
a potential therapy for intractable retinal diseases.2

We have confirmed the safety and efficacy of induced
pluripotent stem cell–derived RPE transplantation in

clinical research studies of age-related macular degen-
eration.3,4 Furthermore, the current ongoing clinical
research expands the application of this therapy to
include other retinal diseases with RPE dysfunction
or degeneration (registered in the Japanese Registry
of Clinical Trials, jRCTa050210178).
One of the candidate diseases for the RPE replace-

ment therapy is Bietti crystalline dystrophy (BCD),
a rare form of IRDs characterized by unique fundus
appearance with a myriad of yellowish glittering
crystalline deposits, followed by progressive RPE,
choroid, and subsequent outer retinal degeneration.
The causative gene of BCD is CYP4V2, which enco-
des a member of the cytochrome P450 family of en-
zymes that play a role in lipid metabolism.5 It has been
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postulated that RPE dysfunction is a primary pathol-
ogy in BCD,6,7 although the mechanism of retinal
degeneration is not fully understood. The disease pro-
gression of BCD is distinct from that of retinitis pig-
mentosa (RP), which is the most common form of
IRDs. In BCD, chorioretinal atrophy expands centrif-
ugally from the posterior pole toward the periphery,8

whereas in RP, concentric centripetal progression is
typical.
Fundus autofluorescence (FAF) is a noninvasive

retinal imaging technique that has become an estab-
lished methodology for observing disease progression
in both BCD9,10 and RP.11 The original source of FAF
is lipofuscin in the RPE,12 and abnormal autofluores-
cence is thought to represent unhealthiness or atrophy
of the RPE. The RPE is an indispensable partner of the
neural retina.13 Photoreceptors over unhealthy RPE are
destined to degenerate, or conversely, photoreceptor
degeneration causes RPE atrophy. Thus, in the region
of FAF abnormality, the status of photoreceptors is
supposed to be in the process of degeneration. A good
consistency between abnormal FAF areas and visual
field defects has been demonstrated in RP,11,14 which

implies that FAF abnormality in patients with RP is
generally accompanied by photoreceptors and visual
function defects. By contrast, patients with BCD
whose FAF exhibited extensive RPE atrophy could
have almost normal electroretinogram responses.15

This suggests that BCD, having the regions of func-
tional retina but with RPE degeneration, can be a good
indication for the RPE replacement therapy. To date,
there is no comprehensive report that investigates the
relationship between the degree of RPE degeneration
and that of photoreceptor damage or visual function
defects in patients with BCD. This study aimed to
explore the potential benefits of the RPE transplanta-
tion therapy for patients with BCD by assessing the
characteristic pathology through the relationship
between FAF abnormality and VF defects.

Methods

Study Design

This study adhered to the principles of the Decla-
ration of Helsinki and was approved by the Medical
Ethics Committee of Kobe City Medical Center
General Hospital (Kobe, Japan). All patients provided
written informed consent to participate in this study
before undergoing genetic testing.

Patients

We reviewed the medical records of patients with
genetically confirmed CYP4V2-associated BCD who
visited the IRDs clinic at Kobe City Eye Hospital
between December 2017 and September 2022. In
addition, patients with RHO-associated RP (RHO-
RP)16 who visited the IRD clinic during the same time
period were assessed for comparison.
We included only the patients who underwent

Goldmann perimetry and wide-field FAF (permitted
time interval between these two examinations was
within 4 months). Earlier results were used if the
patients had multiple visits. The exclusion criteria
were poor image quality of wide-field FAF, a history
of confounding ocular pathologies that could affect
VF, and previous invasive treatments. We excluded
two eyes in two patients with BCD who had a history
of acute primary angle closure and choroidal neo-
vascularization. Moreover, we excluded six eyes in
four patients with RHO-RP (bilateral glaucoma, four
eyes; optic neuritis, one eye; and ocular trauma, one
eye). If both eyes in one patient were available, the
eye with better best-corrected visual acuity was
selected; when the patient had the same best-
corrected visual acuity in both eyes, one eye was
randomly selected.
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Wide-field Fundus Autofluorescence

Wide-field FAF images were obtained using Optos
200Tx (Optos PLC; Dunfermline, Scotland,
United Kingdom) after pupil dilation with topical
phenylephrine. Two researchers (D.S. and M.Y.) iden-
tified hypoautofluorescent areas on FAF through dis-
cussion. Consequently, the following image
assessment was performed using ImageJ software
(http://imagej.nih.gov/ij/, provided in the public
domain by the National Institutes of Health, Bethesda,
MD).11,14 An elliptical area of 3,000 · 2,100 pixels
(theoretically equivalent to 154 · 108°) was trimmed
from the original image (3,900 · 3,072 pixels) to com-
pensate for the image distortion that was remarkable in
the peripheral retina. Hypoautofluorescent areas were
manually traced and measured by one observer (D.S.).
This measurement was performed twice in each
patient, and the average value was used for analysis.
Fundus autofluorescence abnormality area (%) was
defined as the percentage of the cumulative area of
hypoautofluorescent FAF to the entire trimmed area
(Figure 1).

Visual Field

Kinetic VF testing was performed using Goldmann
perimetry (Haag Streit, Bern, Germany). The results
were scanned and registered using ImageJ software.
Visual field defect areas were determined as follows:
First, an area of 60° superiorly, 90° temporally, 70°
inferiorly, and 70° nasally, referring to normal VF
extension, was trimmed from the original chart.14

Then, the accumulation of defect areas of the V4e
isopter and scotoma areas of the I4e isopter was mea-
sured, and its percentage for the trimmed area was
defined as the overall VF defect (VFD) area (%) (Fig-
ure 1). In addition, the remaining VF area within 30°
in diameter was measured as the area inside the V4e
isopter excluding the I4e scotoma area, and its percent-
age for the total area of a circle with a diameter of 30°
was defined as the central VF area (%) (Figure 2).
These measurements were repeated twice by one
observer (D.S.), and the average value of the two
measurements was used.

Optical Coherence Tomography

We reviewed the spectral domain optical coherence
tomography (OCT) images obtained at the closest visit
to the VF testing visit. Cross-sectional OCT images
along the horizontal/vertical meridian through the
fovea were obtained using Spectralis (Heidelberg
Engineering), covering a macular area of approxi-
mately 30 · 30°. The ellipsoid zone (EZ) width was
measured using the “caliper” function of the Heidel-
berg instrument. The ellipsoid zone width was defined
as the distance between the superior and inferior bor-
ders of the visible EZ line or their accumulation in
cases where the EZ lines were intermittent (Figure 2).
If the length of the EZ line exceeded the size of the
OCT image, the borders of the EZ were considered to
be those of the OCT image.17 The EZ width measure-
ments were performed twice by one observer (D.S.),
and the average values were recorded. The horizontal
and vertical EZ widths were acquired from the hori-
zontal and vertical OCT images, respectively. Subse-
quently, the average of these horizontal and vertical
EZ widths was defined as the representative EZ width
for each patient. Three patients with macular patholo-
gies (one with BCD who had submacular exudates and
two with RHO-RP who had epiretinal membrane) that
affect the OCT measurement were excluded from this
analysis.

Visual Acuity

Best-corrected visual acuity was determined using
Landolt C-charts and converted to logarithm of the

Fig. 1. Representative images of FAF and Goldmann perimetry for
image assessment. The left-hand vertical row presents the images ob-
tained from patients with BCD, and the right-hand row presents those
obtained from patients with RHO-RP. The regions shaded in blue-gray
represent the FAF abnormality area and the overall VF defect area.
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minimum angle of resolution equivalent for statistical
comparisons. Extremely low visual acuity was con-
verted to values of 2.0 for counting fingers and 2.3
for hand motion.18 Patients whose visual acuity was
light perception or no light perception were excluded
from the visual acuity assessment.19

Genetic Diagnosis

Between 2008 and 2022, the study participants
underwent at least one genetic screening for diagnosis.
Genetic testing was performed by stepwise Sanger
sequencing using one or two panels of 15 and 27 genes
during 2008 to 201520 or next-generation sequencing
using panels of 39 or 50 genes during 2015 to 201921

or 2019 and later.22,23 Genetic testing was performed
at the Institute of Biomedical Research and Innovation
Hospital between November 2008 and September
2017 and at Kobe City Eye Hospital between Decem-
ber 2017 and September 2022 (the Institute of Bio-
medical Research and Innovation Hospital was
integrated into Kobe City Eye Hospital). The interpre-
tation of the detected variants and the molecular diag-
nosis in each patient were discussed by
a multidisciplinary team, including ophthalmologists,
clinical geneticists, optometrists, nurses, researchers,
and genetic counselors,21 referring to the criteria and
guidelines recommended by the American College of
Medical Genetics and Genomics and the Association
for Molecular Pathology.24

Statistical Analyses

The normality of the data distribution was tested
using the Kolmogorov–Smirnov test. Intergroup anal-
yses were performed using the unpaired t-test for con-
tinuous variables and the chi-square test for categorical
variables. Correlations between the FAF abnormality
area and the overall VFD area or between the EZ
width and the central VF area were assessed using

Spearman rank correlation coefficient. All statistical
analyses were performed using the SPSS software
package (version 28; SPSS Inc, Chicago, IL). The
statistical significance of all tests was set at P # 0.05.

Results

This study included 16 eyes from 16 patients with
BCD and 16 eyes from 16 patients with RHO-RP. The
demographic and clinical characteristics of the patients
are presented in Table 1.
Among the 16 patients with BCD, the mean age at

examination was 61.0 6 10.8 years and 13 patients
were female. The median values of the FAF abnormal-
ity and overall VFD area were 98.5% (range, 13.6–100)
and 57.5% (range, 9.8–98.5), respectively. The FAF
abnormality areas covered posterior pole beyond vas-
cular arcade in all 16 patients. The median value of the
central VF area (within 30° in diameter) was 26.3%
(range, 0–91.4). We observed visible EZ lines in 13
patients among 15 patients included in the OCT analy-
ses, and the median EZ width on the cross-sections of
central 30° was 504.3 mm (range, 0–5,305). The
median LogMAR best-corrected visual acuity was
0.30 (range, 20.18 to 2.00). The correlation analyses
indicated that the FAF abnormality area was not corre-
lated with the overall VFD area. By contrast, there was
significant correlation between the EZ width and the
central VF area (r = 0.806, P , 0.001) (Figure 3). Only
one patient with BCD (C1) with good image quality
was examined at multiple visits over 3 years. At the first
visit, RPE degeneration was observed throughout the
fundus (FAF abnormality area was 100%). The overall
VFD area increased from 94.0% at the first visit to
97.2% at 1 year, 97.5% at 2 years, 97.5% at 3 years,
and 97.5% at 4 years after the first visit (Figure 4).
We analyzed 16 patients with RHO-RP for compar-

ison. The mean age at examination was 53.9 6
13.9 years, and 11 patients were female. No significant

Fig. 2. Representative images of Goldmann perimetry and OCT in a patient with BCD. The central VF area is measured as the area inside the V4e
isopter (excluding I4e scotoma area) within central 30° in diameter on Goldmann perimetry (shaded in yellow). The EZ width is measured in cross-
sectional OCT images (yellow arrow heads and dashed lines).
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Table 1. Demographic and Clinical Characteristics of the Study Participants

Index

Age at
Examination

(Years) Sex Eye Gene DNA Change
Protein
Change

Age of Onset
(Years)

Lens
Status BCVA

FAF Abnormality
Area (%)

Overall VFD
Area (%)

Central VF Area
(Within 30° in
Diameter) (%)

EZ Width on
Central Cross-
Sections (mm)

Macular
Pathology

C1 63 F R CYP4V2 c.327+1G.A/c.802-
8_810del17insGC

p.?/
exon7del

16 IOL 0.3 100.0 94.0 26.8 303.8

C2 68 F L CYP4V2 c.802-8_810del17insGC
homo

exon7del 43 Clear 0.4 98.6 90.4 23.2 504

C3 60 F R CYP4V2 c.518T.G/c.802-
8_810del17insGC

p.L173W/
exon7del

50 IOL 0.5 78.6 65.5 8.2 230.5

C4 63 F L CYP4V2 c.518T.G/c.802-
8_810del17insGC

p.L173W/
exon7del

58 Clear 1.5 13.6 10.1 92.1 5,305

C5 46 M L CYP4V2 c.327+1G.A/c.802-
8_810del17insGC

p.?/
exon7del

34 Clear 0.04 71.6 39.0 0 NA Subretinal
exudates

C6 81 M L CYP4V2 c.518T.G/c.802-
8_810del17insGC

p.L173W/
exon7del

47 Cataract 0.3 83.0 28.7 4.9 0

C7 44 F L CYP4V2 c.518T.G/c.802-
8_810del17insGC

p.L173W/
exon7del

34 Clear 0.5 80.0 9.8 29.7 906.5

C8 65 F R CYP4V2 c.802-8_810del17insGC
homo

exon7del 46 Cataract 0.01 96.3 98.5 2.2 0

C9 60 F R CYP4V2 c.802-8_810del17insGC
homo

exon7del 39 Cataract 0.4 100.0 53.6 46.2 547.3

C10 61 F L CYP4V2 c.802-8_810del17insGC
homo

exon7del 40 Cataract 0.7 100.0 52.7 34.3 291

C11 56 F R CYP4V2 c.802-8_810del17insGC
homo

exon7del 42 Cataract 0.8 100.0 32.7 25.7 505.5

C12 44 F R CYP4V2 c.802-8_810del17insGC
homo

exon7del 33 Clear 1.2 98.3 19.4 28.5 643.3

C13 78 F L CYP4V2 c.1020G.A homo p.W340X 50 IOL 0.8 100.0 85.3 17.2 504.3
C14 59 F R CYP4V2 c.802-8_810del17insGC

homo
exon7del 36 Cataract 0.4 97.9 61.3 37.1 581.8

C15 72 M R CYP4V2 c.518T.G/c.802-
8_810del17insGC

p.L173W/
exon7del

45 IOL 0.7 100.0 76.9 62.6 546.5

C16 56 F L CYP4V2 c.802-
8_810del17insGC/
c.958C.T

exon7del/
p.R320*

16 Cataract 0.7 100.0 61.8 7.4 0

R1 51 F R RHO c.173C.G p.T58R No
symptoms

Clear 1.2 18.8 9.4 84.5 5,445

R2 29 M R RHO c.541G.A p.E181K 10 Clear 1.2 96.2 78.4 64.2 1927
R3 68 F L RHO c.1005delT p.T336fs Early

childhood
IOL 0.5 98.2 99.0 22.7 270.3

R4 44 M R RHO c.50C.T p.T17M Early
childhood

Clear 1.2 23.1 16.4 82.1 5,148

R5 90 F R RHO c.1040C.T p.P347L 5 IOL 0.03 100.0 99.3 16.9 174.8
R6 63 F R RHO c.1040C.T p.P347L Early

childhood
IOL 0.9 100.0 97.7 51.7 NA Epiretinal

membrane
R7 67 F R RHO c.1033G.A p.V345M 10 Cataract 0.5 98.6 98.0 44.0 527.8
R8 71 F R RHO c.541G.A p.E181K 44 Cataract 0.1 99.0 92.3 33.6 301.5
R9 40 F R RHO c.50C.T p.T17M No

symptoms
Clear 1.2 8.2 15.9 90.5 3,998

R10 39 F R RHO c.568G.T p.D190Y 15 Cataract 0.9 93.7 68.1 94.7 1,154
R11 34 M L RHO c.50C.T p.T17M No

symptoms
Clear 1.5 25.0 23.0 99.1 6,800

R12 55 F L RHO c.810C.A p.S270R 51 Cataract 0.8 27.6 33.9 48.6 1,210
R13 42 M L RHO c.403C.T p.R135W 5 Clear 0.8 98.5 99.5 10.7 158.3
R14 55 M L RHO c.1040C.T p.P347L 6 IOL 0.1 100.0 98.7 29.5 0
R15 57 F L RHO c.403C.T p.R135W Early

childhood
IOL 0.04 99.1 99.9 1.5 NA Epiretinal

membrane
R16 60 F L RHO c.1040C.T p.P347L 13 IOL LP 100.0 99.7 6.1 0

BCVA, best-corrected visual acuity; IOL, intraocular lens; NA, not available.
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difference was observed in the mean age at examina-
tion and sex distribution between patients with BCD
and RHO-RP. The median values of the FAF abnor-
mality and overall VFD areas were 98.4% (range, 8.2–
100) and 95.0% (range, 9.4–100), respectively. The
median central VF area was 46.3% (range, 1.5–
99.1), and the median LogMAR best-corrected visual
acuity was 0.10 (range, 20.18 to 1.52). The median
EZ width among 14 patients included in the OCT
analyses was 840.9 mm (range, 0–6,800). In patients
with RHO-RP, the FAF abnormality area was signifi-
cantly correlated with the overall VFD area (r = 0.833,
P, 0.001). Significant correlation between the central
EZ width and the central VF area was also observed
(r = 0.887, P , 0.001) (Figure 3). Correlations
between the FAF abnormality area and the overall
VFD area as well as between the central EZ width

and the central VF area in patients with BCD and
RHO-RP are summarized in Table 2.

Discussion

This study investigated the relationship between the
extent of RPE degeneration and that of photoreceptor
damage or VF defects in two subtypes of IRDs: BCD
and RHO-RP. We measured the FAF abnormality area
and EZ width on OCT to evaluate the extent of RPE
degeneration and that of photoreceptor damage,
respectively. In patients with RHO-RP, we confirmed
that both the FAF abnormality area and central EZ
width had strong correlation with the VF measure-
ments within relevant regions, which was consistent
with previous reports.11,14,25 The FAF abnormality
observed in RHO-RP indicates RPE degeneration

Fig. 3. Scatterplots demonstrating the relationships between the FAF abnormality area and the overall VFD area (A and C) and those between the EZ
width and the central VF area (B and D) in patients with BCD (upper panel) and RHO-RP (lower panel).
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accompanied by photoreceptor damage. By contrast,
in patients with BCD, the FAF abnormality area was
not correlated with the overall VFD area and the over-
all VFD area was generally smaller than the FAF
abnormality area. These findings demonstrate that
the remaining VF exists within the FAF abnormality
area, although the units of these two parameters, cal-
culated by different methods, are not technically inter-
changeable. We can expect preservation of functional
photoreceptor cells within the remaining VF with
BCD, which is supported by the strong correlation
between the central EZ width and the central VF area
in the same patient group. Moreover, longitudinal data
from a patient with BCD indicated that the VF defects
had progressed within the preexisting FAF abnormal-
ity area, suggesting that the FAF abnormality in BCD
reflects the preceding RPE degeneration, which is sub-
sequently followed by photoreceptor degeneration and

vision loss. This interpretation seems compatible with
the proposed disease mechanism of BCD, in which the
RPE is primarily affected by lipid metabolism distur-
bance, followed by the secondary loss of overlying
photoreceptors and visual function defects.6,26,27

Recent advancements in emerging therapies for
IRDs have encouraged better characterization and
categorization of genetically and clinically heteroge-
neous IRDs to assign appropriate therapy to patients.
Pluripotent stem cell–derived RPE transplantation can
be applied to the subgroup of IRDs with the primary
pathology in RPE, including BCD, choroideremia,28

and RP with a mutation in retinoid cycle-related genes,
such as RPE65,29 LRAT,30 and BEST1,31 or phagocy-
tosis genes, such as MERTK.32 We expect that these
“RPE-impaired diseases”33 can benefit from RPE
transplantation to prevent secondary photoreceptor
loss caused by the absence of the underlying RPE.
We have detected discrepancy between RPE degener-
ation and VF defect in BCD as a characteristic retinal
pathology, by analyzing the wide-field FAF and Gold-
mann perimetry, both of which enable evaluation of
the whole retina. The preserved photoreceptors located
on the degenerated RPE in such pathology would be
a promising target for the RPE replacement therapy,
including pluripotent stem cell–derived RPE trans-
plantation. This study was not designed to assess het-
erogeneous findings that correspond to varying stages
of disease progression in more advanced or less
advanced regions within individual patients. Further
research is necessary to ascertain the optimal therapeu-
tic target regions and disease stage up to which pa-
tients may derive therapeutic benefit. The
correspondence among the status of RPE, photorecep-
tors, and visual function at the same retinal regions is
an important subject of interest. Polarization-sensitive
OCT34 and fundus-controlled perimetry
(microperimetry)35 could serve as modalities for eval-
uating focal status of RPE/photoreceptors and visual
function, respectively.
In this study, we cut into the heterogeneity of RP by

assessing only the patients with a single causative gene
of RHO. We confirmed that the extent of FAF

Fig. 4. Longitudinal observation of overall VFD and FAF abnormality
areas over 4 years in a patient with BCD.

Table 2. Correlations Between FAF Abnormality and Overall VFD Areas and Between EZ Width and Central VF Area in
Patients With BCD and RHO-RP

FAF Abnormality Area and Overall VFD Area EZ Width and Central VF Area

r Correlation r Correlation

BCD 0.411 None 0.806* Strong
RHO-RP 0.833* Strong 0.887* Strong

*Significant at P ,0.05 (bold font).
BCD, Bietti crystalline dystrophy.
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abnormality and VF defects correlated well in patients
with RHO-RP, which suggests that RPE degenerates
shortly after or almost simultaneously as overlying
functional photoreceptor loss. Although this correla-
tion has been documented in patients with RP irrespec-
tive of the genotype,11,14 the relationship between the
RPE degeneration and visual function may differ ac-
cording to the causative genes or underlying disease
mechanisms. We consider that genotype-by-genotype
assessment provides important insights that help orga-
nize the differences in disease mechanisms of IRDs.
The limitations of this study include the small

sample size and cross-sectional design. Based on the
findings obtained from the patient with longitudinal
data, we suppose that the RPE degeneration precedes
the VF defect in BCD; however, the manner of disease
progression should be confirmed by future longitudi-
nal studies involving larger samples.
In conclusion, FAF abnormality in patients with BCD

involves the findings of RPE degeneration without
complete loss of photoreceptors and visual function.
Patients with BCD appear to be good candidates for the
RPE replacement therapy for preservation of residual
visual function on the degenerated RPE.

Key words: Bietti crystalline dystrophy, retina, ret-
inal dystrophy, fundus autofluorescence, retinal pig-
ment epithelium, retinal pigment epithelium
transplantation, retinitis pigmentosa.
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